The migrations of songbirds have captured the imagination of scientists and citizens throughout modern history. These amazing feats of travel each spring and fall, sometimes across continents, for such a small animal, have always stimulated the same question -how do they do it? Indeed, this question remains at the heart of most modern ornithological studies of migration, whether it be examining use of stopover sites (1) , examining physiological changes in captive migrants (2) , or comparing morphological features between migrants and non-migrants (3), as merely a few examples. Determining how a tiny songbird can go from a life of simple foraging, tending to young and otherwise minor movements during the nesting season, to becoming an aerobic super-athlete each fall has always been foremost in these investigations. The following collection of five articles in this journal follow in the spirit of these same questions.
To the non-scientist, one would think such a tremendous journey would be fraught with stressors on a daily basis, and moreover, even the arduous task of flying non-stop all night (most songbirds travel at night) every day for weeks on end seems like one of the most "stressful" undertakings an animal can attempt. Interestingly, with advances in knowledge of bird physiology in the last 30 years, and especially knowledge of the endocrine system, has come the understanding that bird migration may not be as stressful as one would think. Specifically, investigations into the levels of the vertebrate stress hormone, corticosterone, have shown this hormone is only moderately elevated in migrating birds (4, 5) , and still far below levels seen in truly stressed birds. This same pattern is noted in the first paper in this collection, by Tsvey et al., who examine baseline and stress-induced corticosterone levels across 7 different migratory Passerines (songbirds). Importantly, this study revealed that each species appears to have a species-specific stress reaction during migration.
While not elevated to stress levels, most research indicates the small rise in baseline concentration appears important for mobilizing energy, enhancing foraging or physiologically preparing the birds for long-distance flight (6) (7) (8) . The second article in the collection (Watts et al.) explores one possible explanation for the mechanism by which corticosterone can have such an important role, but yet still be at low levels in circulation, which is that perhaps migration triggers a heightened sensitivity to corticosterone, by increasing expression of its receptors in the brain. Interestingly, the answer appears to be no, which adds a new wrinkle to our understanding of how this hormone works (or does not) to regulate the migratory state.
Stress in animals is more than simply elevated levels of stress hormones. There are numerous downstream effects of these hormones that can manifest in more subtle ways, and identifying when these downstream effects happen can sometimes be more informative than the actual hormone level. Specifically, elevations in corticosterone, even subtle rises in concentrations, lead to a characteristic shift in two white blood cells in circulation, heterophils (which become more numerous) and lymphocytes (less numerous), so that the ratio of the two (heterophil/lymphocyte ratio, or H/L) can serve as a useful index of stress levels in birds (9) . The next three articles in this collection utilized this metric for assessing subtle levels of stress in birds to address a variety of questions around their migration. From a logistical standpoint, this index appears to be more long-lasting than measures of corticosterone, and more reliable for detecting long-term, chronic stressors (10) . Thus, if bird migration acts as a more subtle stressor, this should be evident from examining H/L ratios. Surprisingly, recent work doing so revealed that most migrating songbirds appear to have low or only mildly-elevated H/L ratios (11) (12) (13) , consistent with the low levels of corticosterone. The exception appears to be a study of thrushes captured after crossing a major water body, which does seem to lead to elevated H/L ratios (14) . Thus, it may be that birds become stressed during migration if and when they face a severe obstacle or energetic challenge.
One potential energetic challenge some migrants face would be to attempt to complete the journey while infected with parasites. Blood parasites in particular are well-studied in birds (15, 16) , though less-well during the migratory phase. A pertinent question here is if a migrant is burdened by parasites during the journey, does it still have the necessary metabolic capacity for long-distance flights, or does it compensate with upregulated immune defenses? Or more importantly, does the combined burden lead to elevated stress in migrants? An interesting test of this and other related questions was performed by Becker et al, in the third article. Studying junco populations that vary in migratory behavior, the authors show that blood parasites can indeed be a significant stressor to migrants (raising H/L ratios), but only when the migratory journey is long.
The fourth article in the collection (Dimitrov et al.) describes a case of an irruptive migrant species that appears to begin its migration with unusually high prevalence of parasitism with haematozoa. On the one hand, this could be a severe handicap for birds that undertake an energetically-taxing journey, but the investigation did find that most infections were mild. Still, further research is warranted in this species (or others) to determine the energetic costs of such infections, if any (17) . Dimitrov and colleagues also showed that these infections do not impact, or further elevate, the level of stress incurred when the birds are brought into short-term captivity following capture.
Given the energetic expense that migration costs, one would think that it might be better (in terms of economizing bodily resources and energy) to simply forgo the journey, and take up permanent residency where feasible. Indeed, with climate change, and human-driven changes to landscapes, this scenario is playing out with many bird species (18) (19) (20) , such as a small population of once migratory juncos (Junco hyemalis) that has taken up residence on the campus of the University of California San Diego (USA). In the last article, Becker et al. sought to elucidate whether this shift to residency reduces the level of stress within the population (measured by H/L ratios) compared to the original migrant population. While this was not the case, there were other hematological differences that suggest this shift in life history comes with certain other physiological changes.
Collectively, the articles in this themed issue of Animal Migration shed light on the long-sought answer to the question -how do birds prepare for and excel at these arduous journeys? Results here provide new evidence on the important role that stress, in terms of corticosterone and H/L ratios, does and does not play in long-distance migration and also what other physiological and behavioral factors (like parasites and residency) can mean for stress levels of bird populations. Ultimately, this thematic issue helps to dismantle the age-old belief that migration is a severely stressful period of the annual cycle and instead supports the idea that low levels of baseline stress are evolutionarily necessary for migratory success. However, even if there is little actual measurable stress associated with the journey, differences (in stress) between species or among individuals can point to potential hazards that may limit (or perhaps slow down) migrations, such as parasite burdens (21, 22) , or reduced fuel loads (23) . Lastly, as any good research should do, these studies also provide fodder for further investigation and questions, which may one day answer the question, "how do they do it?"
